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Monia Kazemeini, Alexander Barzilov, Woosoon Yim, Jean Chagas Vaz
Department of Mechanical Engineering, University of Nevada, Las Vegas, NV
Introduction
• Radiation measurements are necessary for a routine monitoring of nuclear facilities 
and during emergencies, such as the Fukushima Daiichi nuclear power plant accident
• Robotic platforms are utilized to carry radiation sensors to allow for remote sensing 
and sampling operations 
• Unmanned Aerial Systems (UAS) and Unmanned Ground Vehicle (UGV)
• Robots might be exposed to the ionizing radiation (high dose levels are possible) 
• Irradiation causes defects in devices and components leading to malfunctions and 
limiting the robot capabilities, decreasing its operational time 
• The goal is to complete scheduled tasks while the robot is being irradiated 
• To achieve this goal, electronic components should be shielded and radiation hardened
• Radiation damage in materials is characterized by the displacement per atom (DPA)
• Monte Carlo code FLUKA was used to calculate the DPA values in electronic 
components
DPA Calculations
Unmanned Ground Vehicle
• PhantomX AX Metal Hexapod MK-III
• Open platform hexapod robot with the rugged full metal frame
• Light-weight, idle mobility, and robust system 
• “Spider robot” equipped with the AX-18A Dynamixel actuators 
• Controlled wirelessly via ArbotiX-M Robocontroller
• Controlling six legs with three degrees of freedom for each leg
• Connecting joints enabling versatile movement
• Video camera
• Cadmium Zinc Telluride (CZT) sensor
• High resolution, ambient temperature gamma-ray spectrometer
• Protection of the electronic components is vital
Unmanned Aerial System
• DJI S1000+ Octocopter
• Large, stable payload capacity
• Takeoff weight of up to 11 kilograms and is estimated to fly 15 minutes
• Reduced vibrations for a camera resolution
• Landing  gear is able to be raised creating a 360 degree visibility
• CZT detector was integrated into the UAS platform
• Pixhawk 2.1 flight controller
• Built-in inertial measurement unit (IMU)
FLUKA: A Multi-Particle Transport Code
• Estimation of radiation damage of the electronic components is important in order to 
optimize the robot’s operational time while it is irradiated
• DPA represents the displacement damage in materials exposed to the ionizing 
radiation
• Depicting how many times atoms have been displaced from their lattice sites 
(damage-based exposure unit)
• Displacement is induced by a primary knock on atom (PKA) caused by the elastic 
scattering of the incident particles and EM waves
• Calculation of DPA in electronic components of the robotic platforms using FLUKA
• Without shielding and with shielding 
• Keeping optimal payload, to maximize the robot’s lifetime in high radiation conditions
• The DPA quantity is directly related to the total number of Frenkel pairs
• Also known as a vacancy-interstitial pair
• The PhantomX hexapod actuators were modeled in the FLUKA environment 
• Shielding versions of different  thickness t were analyzed (< 4.97% statistical error)
• The actuators were irradiated by neutrons and photons
Neutron Energy 1 MeV 2 MeV 3 MeV
No shielding: DPA per Incident 
Neutron (10−22)
4.5 4.6 6.1
Case 1: DPA per Incident 
Neutron (10−22)
0.22 0.24 0.36
Case 2: DPA per Incident 
Neutron (10−22)
0.15 0.18 0.35
Case 3: DPA per Incident 
Neutron (10−22)
0.078 0.045 0.024
Photon Energy 1 MeV 2 MeV 3 MeV
No shielding: DPA per Incident 
Photon (10−26)
1.3 1.7 4.2
Case 1: DPA per Incident 
Photon (10−26)
0.57 0.93 3.5
Case 2: DPA per Incident 
Photon (10−26)
0.43 0.71 2.2
Case 3: DPA per Incident 
Photon (10−26)
0.18 0.54 0.64
• No shielding: 𝒕𝟏 = 𝟎𝒎𝒎, 𝒕𝟐 = 𝟎𝒎𝒎
• With shielding: 
• Case 1: 𝒕𝟏 = 𝟎𝒎𝒎, 𝒕𝟐 = 𝟓𝒎𝒎
• Case 2: 𝒕𝟏 = 𝟏𝒎𝒎, 𝒕𝟐 = 𝟎𝒎𝒎
• Case 3: 𝒕𝟏 = 𝟏𝒎𝒎, 𝒕𝟐 = 𝟓𝒎𝒎
• The model of the UAS controller was designed in FLUKA
Neutron Energy 1 MeV 2 MeV 3 MeV
No Shielding: DPA per Incident 
Neutron  (10−22)
6.9 8.4 9.5
Case 1: DPA per Incident 
Neutron  (10−22)
6.0 6.4 7.3
Case 2: DPA per Incident 
Neutron  (10−22)
4.6 5.3 6.8
Case 3: DPA per Incident 
Neutron  (10−22)
3.5 4.1 5.3
Photon Energy 1 MeV 2 MeV 3 MeV
Case 0: DPA per Incident 
Photon (10−25)
3.9 26.0 48.6
Case 1: DPA per Incident 
Photon (10−25)
3.0 14.6 38.9
Case 2: DPA per Incident 
Photon (10−25)
0.28 0.47 2.9
Case 3: DPA per Incident 
Photon (10−25)
0.09 0.27 0.35
Conclusion
• To enable remote sensing, robotic platforms are used to carry radiation detectors 
• At contamination zones, the robot’s operational time is limited due to the irradiation 
that causes defects in materials, especially in electronics
• The PhantomX AX Metal Hexapod MK-III ground robot and the DJI S1000+ aerial 
octocopter platforms were used for the analysis of radiation damage
• FLUKA code was utilized to analyze values of displacement per atom per incident particle 
• Layers of low density and high density compounds were used to shield the robot’s 
components so that the DPA values were reduced
• The shielding with 1 mm of lead and 5mm of polyethylene showed the least 
DPA/neutron and DPA/photon values for both platforms
• No shielding: 𝒕𝟏 = 𝟎𝒎𝒎, 𝒕𝟐 = 𝟎𝒎𝒎
• With shielding: 
• Case 1: 𝒕𝟏 = 𝟎𝒎𝒎, 𝒕𝟐 = 𝟓𝒎𝒎
• Case 2: 𝒕𝟏 = 𝟏𝒎𝒎, 𝒕𝟐 = 𝟎𝒎𝒎
• Case 3: 𝒕𝟏 = 𝟏𝒎𝒎, 𝒕𝟐 = 𝟓𝒎𝒎
